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ABSTRACT The Drosophila apterous (ap) gene encodes a
protein of the LIM-homeodomain family. Many transcription
factors of this class have been conserved during evolution;
however, the functional significance of their structural conser-
vation is generally not known. ap is best known for its funda-
mental role as a dorsal selector gene required for patterning and
growth of the wing, but it also has other important functions
required for neuronal fasciculation, fertility, and normal viabil-
ity. We isolated mouse (mLhx2) and human (hLhx2) ap or-
thologs, and we used transgenic animals and rescue assays to
investigate the conservation of the Ap protein during evolution.
We found that the human protein LHX2 is able to regulate
correctly ap target genes in the fly, causes the same phenotypes
as Ap when ectopically produced, and most importantly rescues
ap mutant phenotypes as efficiently as the fly protein. In
addition, we found striking similarities in the expression pat-
terns of the Drosophila and murine genes. Both mLhx2 and ap are
expressed in the respective nerve cords, eyes, olfactory organs,
brain, and limbs. These results demonstrate the conservation of
Ap protein function across phyla and argue that aspects of its
expression pattern have also been conserved from a common
ancestor of insects and vertebrates.

As DNA sequence data generated by the genome projects fill the
databases, an increasing number of genes related by sequence are
being identified in the human and model systems genomes. These
sequence comparisons are expected to provide invaluable insight
into the function of human genes (for example see ref. 1). In some
cases, genes related by sequence are known to play the same or
similar functions in distantly related organisms. Some well-known
examples are the Hox genes involved in antero-posterior pattern-
ing (refs. 2–4 and references therein), the dppybmp4, sogychordin
genes involved in embryonic dorso-ventral patterning (reviewed
in refs. 5, 6), the Pax-6yeyeless genes involved in eye determination
(7), the otdyotx genes (8), and genes involved in certain signaling
pathways (9, 10). In most cases, however, it is not known whether
structurally related genes play the same roles in different organ-
isms. To address the question of conservation of gene function,
cross-species approaches that include comparisons of expression
patterns and functional assays in vivo are required.

Here we use these approaches to investigate the conserva-
tion between Drosophila apterous (ap), a member of the
LIM-homeobox gene family, and its mammalian orthologs.
LIM-homeobox genes encode proteins containing two N-
terminal zinc-finger-like motifs, referred to as LIM domains,
in addition to a homeodomain. These genes have been found
in very different organisms, including vertebrates and inver-
tebrates, and are involved in tissue patterning as well as in cell
fate determination and differentiation (reviewed in refs. 11–
13). Some examples are: Lhx1 required for the formation of the

prechordal mesoderm (14), Lhx3 required for the specification
of pituitary cell lineages (15), Isl1 required for the specification
of motor neurons (16), and Lmx1 required for limb dorso-
ventral patterning (17–19). In Caenorhabditis elegans, lin-11
and mec-3 are essential for the development of vulval precur-
sors and mechanosensory neurons, respectively (20, 21). In
Drosophila, islet is required for axon pathfinding and neuro-
transmitter identity (22) and arrowhead for the development of
certain imaginal cells (23).

ap was the first LIM-homeobox gene isolated in Drosophila (24,
25) and is best known for its crucial role as a dorsal selector gene
required for dorso-ventral patterning and growth of the wing
(26–28). However, mutations in ap cause a variety of mutant
phenotypes illustrating other functions of ap during development.
For instance, ap mutant embryos lack specific muscles (28) and
show neuronal fasciculation defects (29). In addition, ap mutants
die within few days after eclosion from the puparium (24), and
they are deficient in juvenile hormone, which leads to nonvitel-
logenic ovaries and low female sexual receptivity (30).

Many LIM-homeobox genes have been conserved during
evolution; however, the functional significance of their struc-
tural conservation is generally not known (reviewed in ref. 12).
We have isolated mouse (mLhx2) and human (hLhx2) ap
orthologs. We used ectopic expression and rescue assays to
investigate the extent of the functional conservation between
the Drosophila and human genes. In these in vivo assays, the
human and fly proteins are interchangeable. In addition, we
found striking similarities in the expression patterns of the
Drosophila and murine genes. These results demonstrate the
conservation of Ap protein function across phyla and argue
that aspects of its expression pattern have been conserved also
from a common ancestor of insects and vertebrates.

MATERIALS AND METHODS
cDNA Isolation. Two degenerate oligonucleotide pools were

synthesized on the basis of two amino acid sequences con-
served among Ap and other LIM-HD proteins. The sense
primer [59-GTI(GyT)TICAC(AyG)TI(AyG)AITG(Ty
C)TT(TyC)IIITG-39] (I, inosine ) was directed to the amino
acid sequence VxHxxCFxC of the LIM2 domain. The antisense
primer [59-CGIII(AyG)TT(TyC)TG(AyG)AACCAIAC(Ty
C)TG-39] corresponds to the amino acid sequence QVW-
FQNxR present in the third helix of the homeodomain. Several
cDNA fragments were amplified by using a mouse embryonic
cDNA library. One of these fragments encoded an ORF with
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a high degree of similarity to the Ap homeodomain and was
used to screen a lSHylox-1 cDNA library prepared from E11
mouse embryos. The mLhx2 cDNA (1.8 kb) was recovered
from clone pSH340 and used as probe to screen a human brain
lZAPII cDNA library (Stratagene). The hLhx2 cDNA (2 kb)
was recovered from clone p3B3A. Amino acid sequence
comparisons were conducted by using the PILEUP program.

Generation of Upstream Activation Sequence (UAS):ap and
UAS:hLhx2 Lines. A 1.7-kb fragment containing the full ap
ORF was cloned into the KpnI site of pUAST (31). The 2 kb
hLhx2 cDNA was released from p3B3A and subcloned into the
same vector. These constructs were introduced (32) into yw;
apUGO35yCyOwglacZ (wg, wingless) f lies. Several independent
lines were generated in each case, all of which exhibit similar
rescuing abilities (data not shown).

Drosophila Stocks. The following stocks were used: ap-
GAL4MD544 (33); 32B-GAL4 and UAS:lacZ (31); UAS:tau-GFP
(34); 35UZ-1, fringe ( fng)-lacZ (35), and vestigial (vg) dorsaly
ventral boundary enhancer-lacZ (36). ptc-GAL4 and dpp-GAL4
were obtained from the Bloomington Drosophila Stock Center
(Bloomington, IN). aprk568, an enhancer detector line that ex-
presses lacZ in the nuclei of ap-expressing cells, as well as the ap
null allele apUGO35, were described previously (24). The yw strain
was used for in situ RNA hybridization and immunodetection
of Ap.

Drosophila Crosses. The experiments shown use lines
UAS:apF29B and UAS:hLhx2F7A, which contain the P ele-
ment insertions in the X chromosome. For rescue experiments,
apUGO35yCyOwglacZ females carrying either the UAS:ap or
the UAS:hLhx2 transgene were crossed to ap-GAL4MD544y
CyOwglacZ males. Females lacking the UAS trangenes were
used as negative control. For ectopic assays, males from these
UAS lines were mated to females carrying the 32B-GAL4,
ptc-GAL4, and dpp-GAL4 drivers. The P[35UZ-1] ( fng-lacZ),
P[vg-lacZ], and P[wg-lacZ] insertions were introduced inde-
pendently into the UAS lines and then crossed to the dpp-
GAL4 driver to study the regulation of ap-downstream genes.
The ap VNC-GAL4 driver, which expresses GAL4 from the
2-kb ap-ventral nerve cord (VNC) enhancer (D.E. R.-L. &
J. B., unpublished data) was crossed to UAS:tau-GFP to label
the ap-expressing neurons in the central nervous system.

Antibody and 5-Bromo-4-chloro-3-indolyl b-D-Galactoside
(X-Gal) Stainings. Antibody staining of imaginal discs was
performed as described (37). Mouse monoclonal anti-b-
galactosidase antibodies (1:2,000; Promega), rat anti-Serrate
serum (1:1,000; kindly provided by K. Irvine) and rat anti-Ap
serum (37) were used. Ap immunodetection in adult head
sections was conducted as outlined (38). For histochemical
detection of b-galactosidase, wing discs and adult heads were
stained with X-Gal (31) for 30 min to 2 h.

In situ RNA Hybridization. Whole-mount in situ RNA
hybridization in Drosophila embryos was carried out as out-
lined (39). Linearized ap cDNA was used as template in the
digoxigenin-UTP RNA labeling kit (Boehringer Mannheim)
to prepare sense and antisense probes. Whole-mount and
sectional in situ RNA hybridization in mouse embryos was
conducted as described (40). Digoxigenin- and 35S-labeled
mLhx2 riboprobes were prepared from clone pSH340. Sections
hybridized with sense probes did not reveal any specific signal
(data not shown).

RESULTS
Cloning and Sequence of mLhx2 and hLhx2, the Murine and

Human Orthologs of apterous. The murine ortholog of ap
(mLhx2) was isolated by using PCR and degenerate primers
corresponding to the homeobox and LIM2 domain of the ap
cDNA. The PCR product was then used to obtain a full-length
cDNA from a mouse embryonic library. The human ap
ortholog (hLhx2) was isolated by using the mouse cDNA to
screen a human brain library (see Materials and Methods).

Fig. 1A shows the amino acid sequence comparison of the
fly, mouse, and human proteins. MLHX2 and HLHX2 differ
only in four amino acids except for an extended amino
terminus of the mouse protein. The fly and mouseyhuman
proteins show three major domains of sequence similarity that
correspond to the LIM domain 1 (57% identity), LIM domain
2 (56% identity), and homeodomain (93% identity). However,
conserved amino acids are found also outside these domains
(Fig. 1 A). Fig. 1B shows that the percent identities between Ap
and its mammalian orthologs are clearly higher than between
Ap and other LIM-homeodomain proteins.

FIG. 1. Amino acid sequence comparison of Drosophila Ap and its
mouse (MLHX2) and human (HLHX2) orthologs. (A) Sequence
alignment. Identical amino acids between the three proteins are
displayed in reverse type with capital letters, whereas conservative
substitions are displayed in lower case letters. Asterisks indicate the
only four different residues between the mouse and human proteins in
the overlapping region. The two tandem LIM domains, the putative
nuclear localization signal (NLS), and the homeodomain (HD) are
underlined. The consensus residues of the LIM domains are high-
lighted with black circles. Gaps denoted by dots have been inserted to
maximize sequence alignment. (B) Domain comparisons between
Drosophila Ap, its mammalian orthologs, and other LIM-homeodo-
main proteins. These are: ISL-1 from rat (60), LIN-11 and MEC-3
from C. elegans (20, 21). Percentage of amino acid sequence identity
is indicated within the LIM domains and homeodomain.
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The MLHX2 protein is 90% identical to a rat protein known
as rLH2 (41), probably the rat ortholog of mLhx2. Mouse genes
related to the mLhx2 gene described here have been reported
elsewhere (41–43), but lack of sequence data prevents their
comparison (see Discussion). The human Ap protein

(HLHX2) is 92% identical to hLH2, a protein aberrantly
expressed in chronic myelogenous leukemia (44). We mapped
hLhx2 to chromosomal region 9q33–34.1 by fluorescent in situ
hybridization (data not shown), the same chromosomal region
where hLH2 maps (44).

FIG. 2. Comparison of ap and mLhx2 expression patterns. (A) mLhx2 expression in the forebrain and limbs of an E11.5 mouse embryo. (B) At this
stage, mLhx2 is expressed in the walls of the lateral ventricles (Lv) and third ventricle (III) of the brain. In the eyes, mLhx2 is expressed in the future
nervous layer of the retina (arrow) and in the optic stalk (not shown). (C) ap expression in the brain hemispheres (arrow) of a stage 15 fly embryo. (D)
In the adult fly, Ap is immunodetected in the lamina (La) and medulla (Me) of the optic lobe and in the central brain (arrow). (E and F) At E11.5, mLhx2
is expressed along the neural tube (E) in a group of dorsal commissural interneurons (arrow in F). (G) ap expression in the VNC (arrows) of a stage 15
fly embryo. Out of focus, expression is also evident in the brain hemispheres and muscles of the body wall and pharynx. (H) Drosophila larval central
nervous system showing expression of a UAS:tau-GFP responder driven by the ap-VNC enhancer. Note the axonal projections of ap-expressing
interneurons along ascending longitudinal tracts. (I and J) mLhx2 expression in E11.5 mouse limbs. Label is detected in the mesenchyme, in a region roughly
corresponding to the progress zone (I). In cross-sections, mLhx2 is observed in both dorsal (up) and ventral (down) regions of the limb and is excluded
from the apical ectodermal ridge (arrow in J). (K) Ap immunodetection in the dorsal compartment of a Drosophila wing imaginal disc. (L) Section from
an E11.5 mouse embryo showing mLhx2 expression in the olfactory epithelium surrounding the nasal pits (arrows). (M) ap expression in the center of
a Drosophila antennal disc. (N) X-Gal stain of a Drosophila adult head carrying the enhancer detector aprk568, which expresses lacZ in an ap-like fashion.
Note lacZ expression in the fly olfactory organs: the antenna (a) and the palpus (p).
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Similarities in the Expression of apterous and mLhx2.
Expression of mLhx2 was investigated by in situ hybridization

to whole-mounted and sectioned E9.5–12.5 embryos. mLhx2
expression was detected in the brain (Fig. 2 A and B), in the
eyes (Fig. 2B), olfactory epithelium (Fig. 2L), and neural tube
(Fig. 2 E and F). These patterns are reminiscent of ap
expression in the embryonic and adult brain (Fig. 2 C and D),
optic lobe (Fig. 2D), antenna, and maxillary palpus (the fly
olfactory organs, Fig. 2 M and N), and VNC (Fig. 2G). The
cells that express ap in the Drosophila VNC are interneurons,
as revealed by driving expression of the tau-GFP reporter gene
from the ap VNC enhancer (Fig. 2H); see also ref. 29. Thus we
investigated the identity of the cells expressing mLhx2 in the
mouse neural tube. Fig. 2F shows a section through the neural
tube; mLhx2 label is detected in a dorso-lateral domain where
dorsal commissural neurons are located. Interestingly, these are
a subset of interneurons that, like Drosophila ap interneurons,
send axons along longitudinal ascending tracts (45, 46). Other
regions of mLhx2 expression include the liver, the infundibu-
lum of the pituitary, and a small region of the branchial arches
in E9.5 but not older embryos (data not shown).

In addition, mLhx2 expression was detected in the limb buds,
specifically in the mesenchyme of the progress zone (Fig. 2 A
and I) and excluded from the apical ectodermal ridge (Fig. 2 J).
Sections through the limb buds shows that mLhx2 is expressed
both dorsally and ventrally (Fig. 2 J) in contrast to the dorsal-
specific expression of Drosophila ap (Fig. 2K). Also unlike ap,
we did not detect mLhx2 expression in the somatic mesoderm.

hLhx2 Correctly Regulates apterous Target Genes in Dro-
sophila and Mimics apterous in Ectopic Expression Assays. The
conservation of the Ap amino acid sequence and expression
patterns from Drosophila to mammals prompted us to inves-
tigate the possible conservation of its functions using in vivo
assays. The yeast GAL4yUAS system (31) was used to drive
expression of a hLhx2 transgene in flies.

First we compared the phenotypic consequences of ectopic
expression of hLhx2 and ap. Fig. 3 A and D show the lacZ
expression pattern in the wing imaginal disc from two GAL4
drivers used in these experiments. Fig. 3 B and C (patched-
GAL4 driver) and Fig. 3 E and F (32B-GAL4 driver) show that
the severe wing mutant phenotypes produced by ectopic
expression of ap or hLhx2 are virtually indistinguishable. For
comparison Fig. 3G shows a wild-type wing.

FIG. 3. Ectopic expression of ap and hLhx2 in wing imaginal discs
produce similar wing phenotypes. (A and D) UAS:lacZ expression
from the ptc-GAL4 (A) and 32B-GAL4 (D) drivers. (B and C) Wing
phenotypes caused by ectopic expression of ap (B) and hLhx2 (C) by
using the ptc-GAL4 driver. (E and F) Wing phenotypes caused by
ectopic expression of ap (E) and hLhx2 (F) by using the 32B-GAL4
driver. (G) Wild-type wing.

FIG. 4. hLhx2 correctly regulates ap target genes in Drosophila wing imaginal discs. Panels show b-galactosidase or Ser immunodetections
following ectopic ap or hLhx2 expression in third instar larvae wing discs. The wild-type pattern of the fng-lacZ (A), Ser (D), vg-lacZ (G), and wg-lacZ
(J) markers are depicted at the top. The dpp-GAL4 driver (M) was used to direct expression of the indicated UAS transgenes along the
antero-posterior axis. Note that in all cases wing discs coexpressing dpp-GAL4 and either UAS:ap (B, E, H, K) or UAS:hLhx2 (C, F, I, L) exhibit
ectopic activation of the molecular markers within the ventral compartment. Arrowhead indicates the wild-type expression of fng in the ventral
compartment. Arrows point to the sites of ectopic expression.
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In addition, we investigated whether hLhx2 could regulate
genes that are directly or indirectly under ap control, such as fng,
Serrate (Ser), vg, and wg (35, 47). Using the dpp-GAL4 driver (Fig.
4M), we expressed UAS:hLhx2 and UAS:ap within the wing
ventral compartment along the antero-posterior compartment
boundary. Fig. 4A shows that fng expression in the wild-type wing
disc is almost completely restricted to the dorsal compartment.
Fig. 4 B and C show that hLhx2, like ap, activates fng expression
in the ventral compartment. Fig. 4D shows the Ser wild-type
expression pattern, which is also restricted to the dorsal com-
partment of the disc. Ectopic expression of ap and hLhx2 pro-
duced similar activation of Ser expression along the antero-
posterior boundary (Fig. 4 E and F). Fig. 4 G and J show the
wild-type expression patterns of vg and wg along the dorsal-
ventral compartment boundary, respectively. On ap ectopic ex-
pression, vg and wg are ectopically activated as two parallel stripes
within the ventral compartment (Fig. 4 H and K). These regula-
tory interactions are mimicked by hLhx2 ectopic expression (Fig.
4 I and L). As expected, the adult wings resulting from these
crosses exhibit an ectopic wing margin along the ventral com-
partment (data not shown).

Rescue of Drosophila apterous Mutant Phenotypes by a
hLhx2 Transgene. To test further the conservation of Ap
protein functions from flies to humans, we investigated the
ability of HLHX2 to substitute for Ap functions during Dro-
sophila development.

We took advantage of a GAL4 enhancer detector inserted in
the ap locus (33). Insertion of the GAL4 P-element in ap causes
GAL4 to be expressed like ap (Fig. 5A and data not shown). This
insertion also results in a strong ap mutation leading to the lack
of wings and halteres, as well as a mutant notum that lacks the
scutellum and many of the bristles (Fig. 5B). In addition, these
mutants also show the sterility and precocious death phenotypes
associated with strong ap mutations (they have a life span of 1–3
days after eclosion from the puparium; data not shown). ap
mutant f lies carrying the ap-GAL4MD544 allele and the
UAS:hLhx2 transgene show rescue of the ap wing, haltere,
scutellum, and bristle mutant phenotypes (Fig. 5D). The sterility
and precocious death phenotypes are also rescued (data not
shown). We find that the fly (UAS:ap) and human (UAS:hLhx2)
transgenes are equally able to rescue these phenotypes (see Fig.
5 C and D). The only difference that we detected between the two
rescue transgenes is that flies that carry UAS:hLhx2 frequently
develop one to two extra bristles in the scutellum, a phenotype not
observed with UAS:ap.

DISCUSSION
Many proteins show a remarkable degree of amino acid
sequence conservation between distantly related species.

However, apparent structural conservation does not necessar-
ily imply conservation of function in vivo. We have used
transgenic animals and rescue assays to investigate the func-
tional conservation of the Ap LIM-homeodomain protein
during evolution. We found that the human protein HLHX2 is
able to correctly regulate ap target genes in the fly, causes the
same phenotypes as Ap when ectopically produced, and most
importantly rescues ap mutant phenotypes as efficiently as the
fly protein. These observations provide compelling evidence
for the functional conservation of the Ap protein.

Other putative ap orthologs have been identified in verte-
brates and invertebrates. In C. elegans, a LIM-homeobox gene
closely related to ap is expressed in a specific interneuron
required to mediate thermoregulation (48). In the crustacean
Artemia franciscana, a putative ap ortholog is expressed in gill
appendages (49). In vertebrate genomes, it appears that more
than one ap-related gene is present. Paralogous genes closely
related to ap have been reported in the chicken (50) and in the
zebrafish (H. Okamoto, personal communication). Mouse
genes related to the mLhx2 gene described here have been
reported elsewhere (41–43). However, lack of reported DNA
sequence and expression pattern data prevents their compar-
ison. Thus we do not know whether these genes are the same
as the mLhx2 gene described here or its paralogs.

Analysis of the expression pattern of the mouse ap ortholog
described here (mLhx2) shows that it is expressed in many
organs and tissues that are analogous or homologous to the
organs and tissues where Drosophila ap is expressed. These
include the eye, olfactory organs, limbs, brain, and neural tube.
Particularly interesting are the expression patterns of the fly
and mouse genes in the respective appendages (wing imaginal
discs and limbs) and nerve cords. What is the significance of
ap and mLhx2 similarities in their expression patterns? These
similarities suggest that ap and mLhx2 may play the same or
similar roles in flies and mice during differentiation of the
respective limbs, brains, nerve cords, eyes, and olfactory organs.

ap expression in the Drosophila wing imaginal disc is re-
quired for specifying dorsal vs. ventral identity and for growth
of the appendage (26–28, 47). These two distinct functions
carried out by ap are separable. ap mutant flies in which the
fringe gene is driven by the ap-GAL4 driver described here have
normal-size wings that are double ventral (Jose de Celis,
personal communication). As discussed below, these two
functions of Drosophila ap are carried out in vertebrates by two
different genes. In mice, mLhx2 does not appear to be involved
in dorso-ventral specification of the limb because it is ex-
pressed on dorsal and ventral sides (Fig. 2 J). In chicks, an
apymLhx2 ortholog also shows dorsal and ventral limb expres-
sion (51). It is a different member of the LIM-homeobox
family, Lmx1, the gene that specifies dorsal vs. ventral identity
in vertebrates. Lack of Lmx1 function results in normal-size
limbs that are double ventral (17–19).

Mice deficient for one of the ap orthologs have been
generated, demonstrating a requirement of this gene in de-
velopment of the eye, cerebral cortex, and efficient definitive
erythropoiesis. These mutant mice do not show any limb
phenotype, probably because of functional redundancy with
other mouse ap paralogs (51, 52). However, a dominant
negative form of a chicken ap ortholog results in arrested limb
outgrowth during embryogenesis (51). These results suggest a
conserved function of ap required for appendage growth in
Drosophila and vertebrates.

In the Drosophila VNC, ap is expressed in a small number
of cells per hemisegment. The activation of the tau-GFP
reporter gene by the ap-GAL4MD544 driver allowed us to
visualize the projections of these interneurons. Interestingly, in
situ hybridization on mouse neural tube sections shows that the
cells expressing mLhx2 precisely colocalize with a subset of
interneurons that, like Drosophila ap interneurons, project
along ascending longitudinal tracts to anterior segments

FIG. 5. hLhx2 rescues the wing phenotype of ap mutants. (A) Wing
imaginal disc expressing UAS:lacZ from the ap-GAL4MD544 driver. This
GAL4 P-element insertion in ap inactivates the gene and recapitulates its
expression pattern. (B) ap-GAL4MD544yapUGO35 mutant fly. Note the
lack of wings, halteres, and the scutellum region of the notum. (C and D)
ap-GAL4MD544yapUGO35 mutant f lies carrying the UAS:ap and
UAS:hLhx2 transgenes, respectively. Note that, in both cases, the wing,
notum (white arrow), and haltere (black arrow) phenotypes are rescued.
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andyor to the brain. Drosophila ap mutants show neuronal
pathfinding defects (29); thus these observations suggest a
conserved role for ap in interneuron identity or pathfinding.

There is still considerable controversy on the homology
between the nerve cord of protostomes and deuterostomes
(53–55). Although the nerve cord of deuterostomes is located
dorsally instead of ventrally in protostomes, recent molecular
data support the hypothesis that they are homologous (re-
viewed in ref. 8). The difference is explained as a consequence
of an inversion of the dorso-ventral body axis between arthro-
pods and chordates (5, 6). In addition, limbs, olfactory organs,
and eyes have been classically considered to be analogous
between arthropods and chordates, but see refs. 7 and 56 for
novel views in the cases of eyes and limbs, respectively. Thus,
according to orthodox views, it would have to be argued that
ap functions were recruited independently at more than one
time during evolution for the development of these analogous
organs where they may carry out similar functions. Whatever
the evolutionary relationship between fly and mouse organs
might be, the similarities in ap expression support the idea (57)
of a common set of functionally related genes involved in the
development of the respective organ. This group of genes is
known as a syntagma. Thus functionally related organs or
tissues in flies and mice would have similar apogenomes (the
combination of active genes within a given cell or tissue; ref. 57).

The similarities between the expression patterns of ap and
mLhx2 leave some intriguing questions open for future inves-
tigations: What deep level of homology underlies their expres-
sion pattern similarities (58, 59)? Have ap regulatory elements
been conserved between flies and mammals?
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